to remember episodic details about the time or place in which they acquired the factual information. If so, events that are specific to time and place) or whether the hippocampus is also important for learning and impaired performance by patients on tests about facts could reflect their poor episodic memory rather than remembering facts (semantic memory). In two studies, we assessed the capacity for semantic memory in poor semantic memory (Tulving, 1991).
Figure 2. Recall and Recognition Performance for Patients with Damage Limited Primarily to the Hippocampal Region and Controls on a Test of News Events that Occurred 1950-2002
The scores for five patients (all but J.S.) and their controls have been aligned relative to the onset of amnesia (Table 1) so that performance can be shown for the time period after the onset of amnesia (AA, anterograde amnesia) and for 5 year intervals preceding the onset of amnesia (retrograde amnesia). The data point at Ϫ5 represents 1-5 years before amnesia, the point at Ϫ10 represents 6-10 years before amnesia, and so on. Standard errors for the patients (AA and Ϫ5 to Ϫ30 years) were 4%, 4%, 5%, 6%, 7%, 7%, and 7% Figure 1. Magnetic Resonance Images for Five of the Six Amnesic for recall and 3%, 3%, 8%, 12%, 8%, 9%, and 3% for recognition.
Patients with Damage Limited Primarily to the Hippocampal Region
Standard errors for the controls were 4%, 6%, 7%, 6%, 6%, 7%, and a Healthy Control 8%, and 6% for recall and 2%, 4%, 5%, 7%, 7%, 3%, and 7% The images are T1-weighted coronal sections at the level of the for recognition. H, patients with damage limited primarily to the anterior hippocampus. The left side of the brain is on the right side hippocampal region; CON, controls. of the image (radiologic view). For four of the patients, the volume of the hippocampal region relative to intracranial volume is reduced by an average of 35% (see text). For patient J.S., the hippocampus was not reduced in volume but had several focal lesions (indicated earlier; see data points Ϫ15 to Ϫ30). tion, 65.8% Ϯ 6% versus 70.7% Ϯ 5%). Finally, the recall data were consistent with temporally limited retrograde amnesia covering a period of about 1-10 years before controls, 49.2% Ϯ 4%; t (15) ϭ 3.48, p Ͻ 0.01) and on the the onset of amnesia (patients, 30.7% Ϯ 4% correct; recognition test (58.3% Ϯ 3% and 78.8% Ϯ 2%; t (15) ϭ controls, 44.0% Ϯ 6% correct). Across the three time 4.96, p Ͻ 0.01). Thus, the patients were impaired at periods Ϫ5, Ϫ10, and Ϫ15 years before amnesia, the learning about news events that occurred after they performance of the patients exhibited a significant linear became amnesic. In contrast, the patients had good trend (F (1,4) ϭ 11.12, p Ͻ 0.05), and there was a marginal access to knowledge about events that had occurred remote to the onset of amnesia (specifically, 11-30 years interaction of linear trends across these three time peri- was no evidence of a linear trend (F (1,4) ϭ 0.11, p Ͼ 0.10). Nevertheless, the two patients with the most data (G.W. and R.S.) did exhibit an impairment (p Ͻ 0.05), which the patients acquired less knowledge than controls was evident in the fourth (63.3% Ϯ 3% versus 76.9% Ϯ about which famous persons had died. 2%) and sixth years (65.0% Ϯ 2% versus 100.0% Ϯ 0%) Three of the patients became amnesic after 1996 prior to amnesia. As in the case of recall, the recognition (G.W., R.S., and J.S.), and for these patients a measure performance of these two patients in more remote years of retrograde amnesia could be obtained by considering (11-30 years before amnesia) was quite good (79.9% Ϯ test items (mean ϭ 40) about persons who had died 9% versus 82.0% Ϯ 9%).
before the onset of amnesia. Figure 3C shows that these three patients performed worse than their six controls for the retrograde time period (dЈ ϭ 0.56 Ϯ 0.12 versus Experiment 2 Figure 3 shows performance for six patients and 14 1.38 Ϯ 0.21; t (7) ϭ 2.58; p Ͻ 0.05). The results were similar when performance was calculated as the hit rate minus controls (all but four were from experiment 1) when they made famous/nonfamous judgments for a list of 252 the false alarm rate (19.3% Ϯ 4.7% versus 43.9% Ϯ 5.4%; t (7) ϭ 3.00, p Ͻ 0.05). Thus, the patients not only names and then living/nonliving judgments for those names judged correctly to be famous. The patients perhad difficulty acquiring factual knowledge after they became amnesic, they also had difficulty recollecting facformed similarly to the controls on famous/nonfamous judgments about persons who were known before 1970, tual knowledge about events that occurred during the few years before they became amnesic. Depending on presumably because these judgments depended on very remote memory ( Figure 3A ) (86.0% Ϯ 2.6% versus the patient, these events would have occurred from 1 year to 11 years before amnesia. Thus, these findings 91.2% Ϯ 1.8% correct; dЈ discriminability score ϭ 2.49 Ϯ 0.31 versus 3.11 Ϯ 0.23, for patients and controls, refor retrograde amnesia in experiment 2 are consistent with the finding of temporally limited retrograde amnesia spectively, t (18) Ͻ 1.50 and p Ͼ 0.10 in both cases). In contrast, the patients had great difficulty deciding which in experiment 1. The observation of temporally limited retrograde amnesia suggests that impaired factual of the persons they had correctly judged to be famous were no longer living. (Half of the famous persons had knowledge in these patients cannot be explained by reduced exposure to world events, social withdrawal, died between 1990 and 2001.) Thus, for questions about persons who had died during the period of anterograde depression, or other factors that might occur with the onset of an amnesic condition. The impairment examnesia, the patients performed at chance levels and poorer than controls ( Figure 3B ) (dЈ ϭ 0.21 Ϯ 0.15 versus tended into the premorbid period when the patients were healthy and active. 0.97 Ϯ 0.16, for patients and controls, respectively; t (18) ϭ 2.82; p ϭ 0.01). The same result was obtained when the It has been suggested that a finding of impaired semantic memory in amnesia might be misleading bescore was calculated as the hit rate (a correct judgment of nonliving when the person was deceased) minus the cause controls (but not patients) might be able to recollect episodic details about how, when, or where they false alarm rate (an incorrect judgment of nonliving when the person was in fact living) (0.2% Ϯ 9.4% versus acquired their factual knowledge and thereby recollect the facts themselves more accurately (Tulving, 1991). 41.6% Ϯ 4.2%, for patients and controls, respectively; t (18) ϭ 4.70; p Ͻ 0.01). Thus, after they became amnesic, Accordingly, an impression that semantic memory is sons who had come into prominence before 1970. Presumably, these persons became known to the patients long before the onset of amnesia, and familiarity with their names was therefore outside the scope of retrograde amnesia. Despite their familiarity with the famous names, the patients could not identify which of these persons had died after the onset of amnesia. In addition, there was evidence of retrograde amnesia for this same information (i.e., whether persons were living or nonliving) for the few years before the onset of amnesia. Impaired semantic memory could not be explained by supposing that controls (but not patients) could recollect episodic details about the circumstances in which they acquired their factual knowledge and thereby could recall the facts more accurately. The results indicate that The capacity for semantic memory has often been Brackets indicate SEM.
reported to be quite good (though not intact) in singlecase studies of memory-impaired patients with damage to the medial temporal lobe and apparently better than impaired could arise because controls (but not patients) the capacity for day-to-day (episodic) memory (Haycan augment their memory scores for factual informamann et al., 1993; Kitchener et al., 1998; Van der Linden tion by calling on episodic memory about the facts in et al., 2001; Verfaellie et al., 2000
). Yet, given that semanquestion. We addressed this possibility in follow-up tic memory can be based on multiple learning events questions by asking 13 of the 14 controls to recollect any and that episodic memory is by definition unique to a circumstances in which they had heard that an individual single event, it is perhaps not surprising that semantic had died (either at the time of the death or at any time memory in memory-impaired patients can be impaired afterwards). The controls were able to recollect at least and still appear to be superior to episodic memory. The some information of this kind for 13% of the individuals difficulty is in determining whether the semantic memory that they had correctly identified as having died. When that is acquired after the onset of amnesia is disprothose famous names were removed from the data analyportionately spared in memory-impaired patients or sis, the patients still exhibited anterograde amnesia (Fig- whether the amount of semantic memory that is acure 4; dЈ ϭ 0.21 Ϯ 0.15 versus 0.83 Ϯ 0.17 for patients quired after the onset of amnesia is what one would and controls, respectively; t (17) ϭ 2.24, p Ͻ 0.05). Further, expect given the residual capacity for episodic memory the three patients for whom retrograde amnesia could (Squire and Zola, 1998). This issue remains a challenge be assessed ( Figure 3C ) exhibited a trend towards retrofor experimental work. grade amnesia when the famous names that were assoIn any case, other studies, each involving one or two ciated with episodic memories were removed, as in the patients with limited hippocampal damage, have reanalysis of anterograde amnesia (dЈ ϭ 0.56 Ϯ 0.12 verported that memory for facts was distinctly impaired sus 1.17 Ϯ 0.22 for three patients and six controls, re-(Reed and Squire, 1998; Kapur and Brooks, 1999; Holdspectively; t (7) ϭ 1.85, p ϭ 0.10). Thus, even when one stock et al., 2002). The extent to which episodic recollecconsiders only factual knowledge that has been abtion might have contaminated the measure of semantic stracted from the context in which it was acquired (i.e., memory was not evaluated. The present study accounts semantic memory), the patients still performed more for the contribution of episodic memory to the retrieval poorly than controls.
of factual information and shows in a group of patients that limited hippocampal damage impairs semantic Discussion memory. The present findings also provide support for the noPatients with bilateral damage thought to be limited tion that the human hippocampus has a time-limited role primarily to the hippocampal region exhibited marked in the formation and storage of semantic knowledge. deficits in learning and remembering factual knowledge Following hippocampal damage, remote memory was (semantic memory). Experiment 1 showed that patients intact, and retrograde amnesia was limited to a period were impaired at acquiring knowledge about events in of a few years. This observation, based on the current the news that had occurred after the onset of amnesia. 
